Quantitative virus isolation, immunohistochemistry, polymerase chain reaction (PCR) assay, and a porcine circovirus 2 (PCV2)-specific antigen-capture enzyme-linked immunosorbent assay (ELISA) were used for differentiation between clinical and subclinical PCV2 infections of swine. Tissue samples from pigs experimentally infected with PCV2 and field cases of postweaning multisystemic wasting syndrome and PCV2associated reproductive disorders were used in this evaluation. In initial studies on 6 PCV2 pools using 3 previously published PCR protocols for PCV2 detection, quantitative virus isolation, and antigen-capture ELISA, substantial differences in sensitivity were identified among these procedures. Examination of tissue samples from diseased and clinically normal pigs indicated that immunohistochemistry, quantitative virus isolation, and antigen-capture ELISA could be used to differentiate between clinical and subclinical PCV2 infections, but the PCR assay could not. Because subclinical infections of pigs with PCV2 are common, the use of nonquantitative PCR as a diagnostic tool for PCV2-related diseases should be discouraged and the PCV2-specific antigencapture ELISA evaluated further.
Porcine circovirus 2 (PCV2) is now recognized as the causal agent of postweaning multisystemic wasting syndrome (PMWS), an economically important wasting disease of young pigs. 1, 6 Gross lesions of PMWS include generalized lymphadenopathy, hepatitis, nephritis, and pneumonia, and typical histologic lesions include lymphocytic depletion and multinucleated giant cell formation in lymph nodes, degeneration and necrosis of hepatocytes, and multifocal lymphohistiocytic interstitial pneumonia. 5 Although clinical PMWS has been reproduced following experimental infections of colostrum-deprived (CD) pigs with PCV2 alone, 2, 4 the field disease can be more readily reproduced when pigs are experimentally infected with PCV2 and porcine parvovirus or with PCV2 and porcine reproductive and respiratory syndrome virus. 1, 2, 10 PCV2 has also been associated with reproductive disorders in pigs, and PCV2 antigen has been demonstrated by immunohistochemistry (IHC) in association with lesions in tissues from aborted fetuses. 17 Antibody to PCV2 has been demonstrated in a very high percentage of pig sera tested and has been detected retrospectively to at least 1974. 16 Consequently, it appears that subclinical infections with PCV2 are common and that it is only under certain circumstances that PCV2 infections result in clinical disease. 1, 10, 15 Using IHC or in situ hybridization (ISH) procedures, minimal amounts of PCV2 antigens and/or nucleic acid have been demonstrated in lymph nodes of pigs that were clinically normal following experimental infection. 2, 9 PCV2 antigens/nucleic acid have also been demonstrated in clinically normal animals from farms with no history of wasting disease. 11, 15 Nevertheless a number of diagnostic procedures for PCV2-related disease syndromes have been reported that do not appear to take the possibility of subclinical PCV2 infections into account. 11, 14, 15 These studies have focused on standard block-based polymerase chain reaction (PCR) detection of PCV2 nucleic acid or infectious virus in tissue samples and suffer from the drawback of being nonquantitative and incapable of differentiating between clinical and subclinical infections. 15 Although the use of block-based PCR was applicable in the early stages of defining the infectious agents present in tissue samples from animals with this newly recognized disease syndrome, 14 it is now known that subclinical infections, with minimal amounts of PCV2 present in tissues, are common in pigs and that PCV2associated lesions in diseased animals contain an abundance of virus particles. Consequently, the use of IHC or ISH to demonstrate this high virus load in association with lesions has been proposed as the only definitive way to diagnose PCV2-associated diseases. 1, 6 A comparative study on the use of 3 PCR-based tests, quantitative virus isolation (QVI), IHC, and an antigen-capture ELISA (AgC-ELISA) for the detection of PCV2 was conducted using tissue samples from diseased and nondiseased pigs, and the application of these tests to the diagnosis of PCV2-associated diseases is discussed here.
Materials and methods
Experimental design. This study comprised 3 separate but related experiments. In the first experiment, a newly developed PCV2-specific AgC-ELISA 13 was tested for sensitivity and specificity using 6 PCV2 isolates, and the results were compared with those of 3 previously published PCR procedures and QVI. In the second experiment, the most sensitive and specific PCR procedure (as determined in experiment 1), QVI, IHC, and the AgC-ELISA were compared using tissue samples from pigs experimentally infected with PCV2. In the third experiment, the same tests were compared as diagnostic tools for PMWS on samples from pigs from a farm with a severe clinical PMWS problem.
Virus. PCV2 isolates from France (48285), Canada (1010), USA (999), Denmark (1155), Italy (9367), and UK (3700) were used in this study. These viruses were recovered from pigs with clinical PMWS by serial passage in PK/15 cells, with glucosamine treatment. 13 Working pools of each isolate were prepared in PK/15 cells, and the infectious titers were determined by inoculating serial 10-fold dilutions into PK/15 cell cultures. End points were read by indirect immunofluorescence using a PCV2-specific monoclonal antibody (Mab), 13 and the titers were calculated using the Spearman-Kärber method. 8 Tissue collection. Tissue samples (n ϭ 40) of lymph node, spleen, lung, and tonsil from 4, 4-wk-old, CD piglets, derived from a sow from a high-status specific-pathogen-free herd in Northern Ireland with no history of PCV2-related diseases and held in isolation at Veterinary Sciences Division (VSD), Belfast, Northern Ireland, were used as negative controls in this study.
Tissue samples (n ϭ 24) of lymph node, lung, spleen, and tonsil from 3 CD pigs experimentally infected by the oral/ nasal route with PCV2 isolate 48285 and euthanized 21 days postinfection were also examined. One of these 3 pigs developed clinical signs of PMWS and had severe histologic lesions consistent with this disease. 5 The remaining pigs were clinically normal throughout the experimental period. Tissue samples were collected from aborted pig fetuses in Canada 17 and transported to Northern Ireland. Heart tissue was collected from 2 of the fetuses, and lung, liver, spleen, and kidney pools were obtained from each of the remaining fetuses. Previous studies by IHC on these tissues had demonstrated an abundance of PCV2 antigen associated with lesions, especially in heart. 17 In the present study, fetal material was examined using QVI and AgC-ELISA methods only.
Tissue samples (n ϭ 20) of lymph node and spleen from pigs without PMWS, as defined by clinical symptoms and histologic lesions, were obtained from farms in Northern Ireland with no history of PCV2-related disease. These samples were collected from routine submissions of carcasses to the VSD.
Samples of lymph nodes and spleen from pigs were obtained from a farm in Italy with a severe PMWS problem. Losses on this farm were in excess of 20%. PMWS was confirmed on this farm by histologic and IHC analysis of samples from diseased pigs. PCV2-associated lesions, consistent with those reported for PMWS, 5 were demonstrated in the majority of diseased animals. Samples of lymphoid tissues from 88 pigs on this farm were collected and transported to the VSD, where they were processed for PCR, QVI, IHC, and AgC-ELISA. These pigs were either found dead or diagnosed as not thriving and subsequently euthanized. The diagnosis was based on the failure to comply with body weight and condition necessary for shipment to fattening units.
Tissue preparation. Individual 10% w/v tissue homogenates in serum-free minimal essential medium (MEM) containing 1,000 g/ml streptomycin and 1,000 U/ml penicillin were prepared for all tissues except the Italian samples, for which mesenteric, inguinal, parotid, bronchial, and retropharyngeal lymph nodes and spleen were pooled and an homogenate suspension prepared. All tissue homogenates were clarified at 2,500 ϫ g for 30 min. The supernatant fluid was used for the appropriate tests.
PCR. Three previously reported PCR procedures for amplification of PCV2 nucleic acid (PCR1, 15 PCR2, 4 and PCR3 7 ) were compared for sensitivity using aliquots of the 6 PCV2 pools. Serial 10-fold dilutions of the 6 PCV2 pools were prepared in 0.01 M phosphate-buffered saline (PBS), pH 7.2, and total DNA was extracted from individual dilutions using a commercial DNA extraction kit a in accordance with the manufacturer's instructions. The 3 sets of PCV2specific oligonucleotide primers, previously documented regarding their application for the detection of PCV2 nucleic acid by PCR, were tested for sensitivity. PCR amplicons were detected by electrophoresing 10-l aliquots through 1.5% agarose gels b in Tris-acetate buffer b in the presence of ethidium bromide b for approximately 75 min at 80 volts and then photographing the gels under ultraviolet illumination. The primer pair and procedure giving best amplification sensitivity across all 6 viral strains was subsequently selected to amplify PCV2 nucleic acid from tissues from diseased and nondiseased pigs. Total genomic DNA was extracted from selected tissues from these animals. DNA was isolated from 100 l of clarified 10% tissue homogenate with a commercial DNA extraction kit. a Controls for the extraction process included a PCV2-positive sample of known reactivity and PCV2-free PK/15 cell lysates. Controls were processed simultaneously with test samples. Possible contamination problems were controlled * Value shown for PCR1-PCR3 and for the antigen-capture ELISA (AgC-ELISA) is the reciprocal of the last dilution (log 10 ) at which a positive reaction was detected. Value shown for virus titration is the titer of each virus pool (log 10 ) TCID 50 /0.1 ml.
for by inclusion of standard positive and negative samples in the extraction and amplification process.
QVI. PCV2 infectivity titers of the 6 virus pools were determined in PK/15 cell cultures. For tissue samples, the clarified tissue suspensions were inoculated into PK/15 cell cultures for PCV2 quantitation. Sequential 10-fold dilutions were prepared in MEM with Earls salts containing 10% fetal bovine serum and 100 g/ml gentamicin (growth medium), and 100 l was added to duplicate wells of a microtiter plate containing 100 l of growth medium. A 50-l aliquot of PK/15 cell suspension (2 ϫ 10 4 cells) was added to each well. The cultures were incubated for 3 days at 37 C, after which the medium was removed and the monolayer cultures were washed once in PBS. Following removal of the PBS, the plates were air dried, frozen at Ϫ20 C overnight, and assayed for PCV2-infected cells using an indirect immunoperoxidase staining procedure and a PCV2-specific Mab. The microtiter plates were removed from the freezer and allowed to come to room temperature, and the cells were fixed in 4% paraformaldehyde for 10 min. Following 3, 5min washes in PBS containing 0.05% Tween-80 (washing buffer), 50 l of Mab was added to all wells and incubated for 1 hr at 37 C. Following 3 further washes, the staining procedure was completed using a Histostain kit for mouse antibodies and aminoethyl carbazole enzyme substrate. c Titers were calculated using the method of Spearman-Kärber 8 and expressed as TCID 50 /0.1 ml.
PCV2 AgC-ELISA. A previously described PCV2-specific AgC-ELISA 13 was used in this study, with minor modifications. All wash steps in the ELISA used PBS containing 0.05% Tween-20 (PBS-T).
Initially plates were coated overnight at 4 C with a 1:1,000 dilution (in carbonate/bicarbonate buffer, pH 9.6) of the immunoglobulin fraction of PCV2 Mab FI90 2B1. 13 Selected wells were coated with buffer only as controls.
Following 3 washes, 100 l of PBS-T containing 1% normal goat serum (blocking solution) was added to all wells and incubated for 10 min at 37 C. The blocking solution was removed, and after a further 3 washes 100 l of the test samples was added to duplicate wells and incubated for 1 hr at 37 C. Aliquots were also added to duplicate wells coated in buffer only. Plates were washed again as described above.
A polyclonal rabbit antibody to PCV2 3 was diluted 1: 2,000 in PBS-T, and 100-l aliquots were added to all the wells and incubated for 1 hr at 37 C. Following this incubation, the plates were washed again.
Finally, a 1:500 dilution (in PBS-T) of biotinylated goat anti-rabbit Ig d was added to all wells and incubated for 1 hr at 37 C. The plates were then washed, and 100 l of a 1: 500 dilution (in PBS-T) of extravidin peroxidase conjugate d was added and incubated for 15 min. The plates were washed again, and 100 l of TMB substrate e was added to all wells and incubated for 10 min at room temperature. Reactions were stopped by addition of 50 l of 1 M H 2 SO 4 , and optical density (OD) was determined at a wavelength of 450 nm.
PCV2 pools were tested with this ELISA by preparing serial 10-fold dilutions in PBS-T and adding them to the appropriate wells. PCV1-infected and PCV-free PK/15 cell culture lysates were used as negative controls. Tissue homogenates (10%) from diseased and nondiseased pigs were tested at a 1:5 dilution in PBS-T.
Immunostaining of cryostat sections. Cryostat sections of lung, spleen, tonsil, liver, and lymph nodes (mesenteric, inguinal, parotid, bronchial, and retropharyngeal) from diseased and nondiseased pigs were immunostained for PCV2 antigens using a PCV2-specific Mab and previously described procedures. 13 Cryostat sections were scored as 1ϩ (minimal antigen), 2ϩ (moderate antigen), or 3ϩ (abundant antigen).
Results
Comparative studies on PCV2 pools. The results of comparative studies on the detection of PCV2 antigens and/or nucleic acid in 6 virus pools, using 3 previously published PCR procedures, QVI, and AgC-ELISA are presented in Table 1 . The sensitivity of the PCR procedures varied considerably across the spectrum of the 6 PCV2 isolates used. PCR1 15 was the most sensitive of the 3 PCR protocols tested, and PCR2 4 was the least sensitive. Substantial differences in sensitivity were seen between these 2 procedures when testing dilutions of all 6 virus pools. PCR2 4 failed to detect any nucleic acid in the titration of virus 1155, which was positive up to and including the 10 Ϫ6.0 and 10 Ϫ5.0 dilution, using PCR1 15 and PCR3, 7 respectively (Fig. 1) . The specificity of PCR1 15 was confirmed by sequencing of the PCR product obtained from all 6 virus pools using this reaction. When PCR1 15 was used as the ''gold standard'' for sensitivity in this test, QVI and AgC-ELISA were substantially less sensitive procedures for the detection of PCV2 in the dilutions of the 6 virus pools tested. However, both tests were broadly comparable in sensitivity across the spectrum of the 6 virus pools and in general, more sensitive than PCR2. 4 For the AgC-ELISA, a cutoff value was established after examination of 50 known PCV1-infected and PCV2-negative PK/15 cell lysates. OD readings for these samples ranged from 0.05 to 0.07 (x Ϯ SD ϭ 0.066 Ϯ 0.0047). Using these data, a negative thresh- Top half of the gel is sequential 10-fold dilutions of PCV2 isolate 9367: lanes 2-6 (10 Ϫ4 to 10 Ϫ8 ) ϭ PCR1; lanes 7-10 (10 Ϫ2 to 10 Ϫ5 ) ϭ PCR2: lanes 11-15 (10 Ϫ4 to 10 Ϫ8 ) ϭ PCR3. Bottom half of the gel are sequential 10-fold dilutions of PCV2 isolate 1155: lanes 18-22 (10 Ϫ3 to 10 Ϫ7 ) ϭ PCR1; lanes 23-26 (10 Ϫ1 to 10 Ϫ4 ) ϭ PCR2; lanes 27-31 (10 Ϫ2 to 10 Ϫ6 ) ϭ PCR3. Note low sensitivity of PCR2, which only detected isolate 9367 at a 1:1,000 dilution and completely failed to detect isolate 1155. Also, PCR1 was more sensitive than PCR3; PCR1 detected both virus isolates in a 10-fold higher dilution than did PCR3. old value of 0.08 (x ϩ 3 SD) was set for this test. PCR1 15 was chosen for comparative studies with QVI, IHC, and AgC-ELISA on tissue samples from pigs.
Comparative studies on tissues from experimentally infected pigs. All control tissue samples from the 4week-old snatch-farrowed pigs were negative for PCV2 using PCR1, IHC, and QVI. With the PCV2 AgC-ELISA, OD readings for these samples ranged from 0.08 to 0.09 (0.087 Ϯ 0.0039). Using these data, a negative threshold value of 0.1 ϩ 3 SD was set for this test. The results of the comparative study of the 4 tests on tissues from the experimentally infected pigs are presented in Table 2 .
In the experimentally infected CD pigs, one (no. 548) did not develop clinical PMWS and had no histologic lesions consistent with the disease. In tissue samples from this experimentally infected pig, no virus was isolated, no antigen was detected in cryostat sections, and OD values on the AgC-ELISA were all Ͻ0.1. A second experimentally infected pig (no. 557) did develop clinical PMWS and had severe histologic lesions consistent with the disease. In tissue samples from this pig, moderate to high levels of infectious virus, moderate to high OD readings on AgC-ELISA (0.3-1.0), and an abundance of PCV2 antigen in cryostat sections by IHC was seen. The remaining experimentally infected pig (no. 563) did not develop clin-ical PMWS; however, mild histologic lesions consistent with this disease were seen. Tissue samples from this pig generally demonstrated lower levels of infectious virus, low to moderate OD readings (Ͻ0.1-0.4) on AgC-ELISA, and minimal amounts of PCV2 antigen detected by IHC. A comparison of the results of the AgC-ELISA, IHC, and QVI obtained using the tissues from these pigs demonstrated close correlation between the results of these tests. Only one tissue (pig no. 563, L. Node 2), which was relatively weakly positive by IHC and QVI, was not classified as positive by AgC-ELISA. Four tissues from pig no. 563, which had only minimal amounts of PCV2 antigen as demonstrated by IHC, were negative using the QVI and AgC-ELISA procedures. All tissues tested from the 3 experimentally infected pigs were positive by PCR.
Comparative study on tissues from aborted fetuses and pigs from farms with and without PMWS. All PCR, IHC, QVI, and AgC-ELISA tests on tissue samples from pigs from farms in Northern Ireland without clinical PMWS were negative. OD readings for these Table 3 . No PCV2 antigen or infectious virus was seen in 20 of the pigs examined. In tissues from 23 of the pigs examined, infectious virus titers ranging from 10 1.0 to 10 2.5 TCID 50 /0.1 ml were seen, and only 3 of the tissue pools had titers Ͼ10 2.0 TCID 50 /0.1 ml. In cryostat sections of these tissues, 15 of the pigs were scored as 1ϩ (minimal PCV2 antigen), 5 were scored as 2ϩ (moderate PCV2 antigen), and 3 were scored as 3ϩ (abundant PCV2 antigen). All of these tissue pools were negative on the AgC-ELISA (OD values Ͻ0.1). Histologic examination of lymphoid tissue samples from the 15 pigs that were AgC-ELISA negative and scored as 1ϩ by IHC revealed very mild lesions consistent with subclinical infection. Histologic examination of lymphoid tissue samples from the 8 pigs that were AgC-ELISA negative and scored as 2ϩ (5 pigs) or 3ϩ (3 pigs) by IHC revealed lesions consistent with early or acute PMWS. In the remaining 45 pigs, infectious virus titers of Ͼ10 3.0 TCID 50 /0.1 ml were seen in all tissue pools. Cryostat sections of all tissues were scored as 3ϩ (abundant PCV2 antigen) by IHC, and all tissue pools were deemed positive following testing on the AgC-ELISA (Table 3 ). Histologic examination of lymphoid tissue samples from these animals revealed severe lesions consistent with PMWS. In general, a close correlation was seen between the results of QVI and those of IHC. Highest infectious virus content was consistently found in tissue samples with higher IHC scores, and the lowest content was found in samples that were IHC negative or scored as 1ϩ.
The results of the AgC-ELISA on these tissue samples correlated well with results of QVI and IHC. Tissue samples from 20 pigs that were IHC negative and QVI negative were also ELISA negative (OD Ͻ 0.1). Similarly, in the 45 pigs with the highest levels of PCV2 in their tissues, results of all of the tests were in agreement. Some discrepancy did occur in the 8 pigs that had moderate to high levels of antigen in their tissues. Three of 88 samples tested were negative by PCR for PCV2 nucleic acid. The remaining 85 samples gave PCV2-specific products following PCR.
Discussion
It is becoming increasingly evident that subclinical infections of pigs with PCV2 are common and that PCV2 infections leading to PMWS and other disease syndromes are, in comparison, rare. 16 Currently, the diagnosis of PMWS is usually based on an evaluation of the disease status of the pigs, the presence of characteristic gross and histologic lesions, and the demonstration of PCV2 in tissues by PCR, QVI, and/or IHC/ISH. However, because subclinical infections with PCV2 are common, it has been recommended that the detection of an abundance of PCV2 antigen and/or nucleic acid by IHC/ISH, in association with presence of histologic lesions consistent with PMWS, should be the only applicable diagnostic test. 1 This recommendation assumes the availability of PCV2-specific reagents and histopathology equipment and expertise. Unfortunately, not all diagnostic laboratories have these facilities. Recent studies have shown that histologic lesions in pigs with PMWS and in fetuses from PCV2-associated abortions contain an abundance of PCV2 antigen, whereas in subclinical infections with PCV2, antigen is only detected in minimal amounts in germinal centers in some lymph nodes. 2, 9, 17 A PCV2-specific AgC-ELISA was evaluated as a laboratory tool to support the diagnosis of PMWS, and the differentiation between clinical and subclinical PCV2 infections examined. The ELISA procedure was compared for sensitivity and specificity with nonquantitative PCR, QVI, and IHC on cryostat sections.
The initial experiment was carried out on 6 PCV2 pools to compare the sensitivity and specificity of 3 previously published PCR procedures and the AgC-ELISA on a panel of PCV2 isolates from different geographic locations. Viruses from Canada, USA, Spain, Denmark, France, and the UK were used. The results of the comparison of the 3 PCR procedures clearly showed that PCR1 15 was the most sensitive, detecting all of the viruses tested at high dilution. PCR2 4 was the least sensitive and failed to detect isolate 1155 (Denmark). The infectious titer of this virus pool in PK/15 cell cultures was 10 3.0 TCID 50 /0.1 ml. The observed variation in sensitivity for the 3 PCR procedures investigated was expected. PCR-based tests are initially designed against particular isolates or strains and can therefore have much reduced sensitivity against heterologous virus isolates. PCR3 7 was initially designed against the nucleotide sequence of a North American isolate of PCV2 (999). This PCR procedure had excellent sensitivity against isolate 999 and homologous viruses such as the Canadian reference isolate 1010. However, as the number of characterized PCV2 isolates increases, nucleotide base changes in the target DNA sequences of European isolates have been observed, resulting in reduction of the sensitivity of this primer pair. The results of the present study support the initial hypothesis by quantifying the expected decrease in sensitivity of this primer pair when compared with results of virus titration (Table 1) . PCR1 15 dates from 1999 and was designed to encompass all PCV2 isolates characterized at that time. Thus, this primer pair is expected to exhibit the typical high sensitivity of a PCR-based test but should have potential application to a much wider range of virus isolates. The results in Table 1 clearly illustrate the high sensitivity of the PCR-based test using this primer pair against a wide range of virus isolates. The capacity of this procedure to detect a wide range of virus isolates makes it the PCR-based test of choice for the detection of PCV2 isolates. The results using PCR2 4 were, however, quite unexpected. This primer pair exhibited 100% homology with all PCV2 isolates characterized to date and was expected to perform well against all the virus isolates tested. The lack in sensitivity ob-served could be due to thermodynamic incompatibility of the primer pair rather than lack of homology with the target DNA sequence. The negative results obtained using this PCR procedure on the PCV2 4 isolate 1155 (Denmark) suggests that its use as a diagnostic tool is limited because it does not appear to have the broad range of detecting potential of the other 2 tests. The sensitivity of the AgC-ELISA with the virus pools tested was broadly comparable to the infectivity titers of the virus pools in PK/15 cell cultures.
PCR1 15 was chosen for use in further studies on tissue samples from PCV2-negative CD pigs and pigs experimentally infected with PCV2. All tissue samples from the 4 CD pigs held in isolation were negative by all tests. All tissue samples from the 3 pigs experimentally infected with PCV2 were positive by PCR, indicating the high sensitivity of the test. In tissue samples from the experimentally infected pig that developed clinical PMWS, 7 of 8 tissues were ELISA positive (OD ϭ 0.3-1.0), and the remaining tissue was negative, at the cut off OD value of 0.1. Tissues from this animal also contained high levels of infectious virus and antigen. In the tissues from the pig that did not develop PMWS but had mild histologic lesions, 3 of 8 tissues were ELISA positive (OD ϭ 0.2-0.4); however, all of the tissues from the remaining pig that did not develop clinical disease or histologic lesions were negative by ELISA (OD Ͻ 0.1). The tissues from the latter 2 pigs were either negative or contained only low levels of infectious virus and antigen. The results of this limited study on experimentally infected pigs indicate that the unique sensitivity of the PCR assay renders it unable to differentiate between clinical and subclinical PCV2 infections. However, the estimation of the amount of PCV2 in tissue samples by inoculation of cell cultures and by AgC-ELISA can do so. In particular, the simplicity and robustness of this ELISA, the potential application for use on a broad range of clinical samples, and its ability to detect all of the virus isolates tested make the AgC-ELISA the method of choice for the diagnosis of PMWS in a diagnostic laboratory.
The results of the studies on tissue samples from pigs from a farm undergoing a PMWS disease outbreak support this finding in experimentally infected pigs. In this study, PCR was the most sensitive detection method, detecting PCV2 nucleic acid in 85 of 88 samples tested, including 17 samples in which neither PCV2 antigen-associated lesions nor infectious virus could be detected. Although these animals were found dead on the PMWS-affected farm under study, they did not have PMWS. In general, where either QVI or IHC detected low levels of PCV2 the AgC-ELISA result was also negative. In 8 of 88 (9%) pigs, moderate to high levels of PCV2 antigen were seen in cryostat sections; however, only low levels of infectious virus was detected and the tissues were negative on the AgC-ELISA. Given the low level of infectious virus detected by QVI, the most likely reason for this anomaly is the failure to successfully release PCV2 from the tissues. This finding highlights the need for preparation of good tissue homogenates. Consistent with the results of experimental infections, in general PCR was unable to differentiate between clinical and subclinical infections with PCV2 in field samples, whereas the other tests could. Because PCV2 infections in pigs are known to be endemic and predominantly subclinical, the use of nonquantitative PCR assays in the diagnosis of PCV2-related diseases should not be encouraged because a positive result is not necessarily indicative of disease and can be misleading.
The results reported in the present study clearly demonstrate that, because subclinical PCV2 infections of pigs are common, even on PMWS-affected farms, any PCR-based laboratory test to support the diagnosis of PMWS must be either quantitative or at least semiquantitative, such as a previously described competitive PCR for the detection of PCV2. 12 The results generated in the present study, using a range of virus detection techniques, suggest that in the absence of histopathology expertise and equipment, a quantitative AgC-ELISA could be of use in a diagnostic laboratory for the detection of PCV2 in tissue samples and for the differentiation between subclinical and clinical PCV2 infections of pigs. 
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